47
The 3D-printing experiment was conducted on an independently developed 48 system equipped with a Nd:YAG laser under the parameters listed in Table 1 . 9 As 49 shown in Fig. 1a , a Cartesian coordinate system O-XYZ was established, with X-axis 50 parallel to the laser scanning direction and Y-axis perpendicular to the cladding-substrate 51 interface. DZ125L superalloy powders with 50-100 µm diameter particles, protected in high purity argon atmosphere, were injected coaxially into the laser heating generated 53 molten pool on the {100} crystal plane of a directionally solidified DZ125L substrate.
54
By unidirectional single channel scan, a 10-layer high, ~0.8 mm thick sample was 55 formed. Between each two successive layers, the sample was moved by 0.1 mm 56 vertically, defining the height of each layer.
57
Nanoindentation tests were performed in the interfacial area on XY plane at room 
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where ρtotal is the total dislocation density, a summation of GNDs and paired 
119
The observed Laue peaks in both region II and III are anisotropically broadened,
120
indicating that unpaired GNDs are dominating, 16 so the total dislocation density ρtotal 121 is approximated to be the density of GNDs (ρG). 1 max , ,
133
For simplicity, we call the term 
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In the epitaxial layer, the dislocation density is about 70% higher than in the 156 substrate, which results in hardness increase of no more than 5%. However, from 157 experimental measurement, the hardness in the cladding layer is 21% higher than in 158 the substrate, therefore additional strengthening mechanisms must be operating in this Fig. 4c and 4e) , the γ' phase in the substrate show regularly dispersed cubic 400-500 nm in the substrate (Fig. 4d and 4f, respectively) , due to the significantly 167 higher temperature gradient and faster solidification rate in 3D-printing process than 168 in traditional casting. 23, 24 It is worth mentioning that the shape and size of the γ' al. 27 The room temperature yield strength is reported to be 970 MPa when γ' size is 174 similar to our case (~0.5 µm), and increases to 1080 MPa as γ' shrinks to 0.3 µm.
175
Although no data is available for smaller γ' sizes, it is proposed that the strength 176 limitation is 1167 MPa in the <001> direction. Thus, due to the increase of the 177 interphase boundaries, the yield strength of the cladding layer of our specimen can be 178 estimated to range between 1080 and 1167 MPa, corresponding to an increase of 11%
179
to 20% compared to the substrate. In this reference article, it is not stated whether 180 dislocation strengthening is considered. Since the dislocation density will either stay 181 constant or increase as γ' becomes finer, it is reasonable to estimate that the yield 182 strength will increase by 11% -25%, which agrees well with the observed 21% 183 increment of HBerk in region III compared to the substrate.
184
In summary, the inhomogeneous hardness and microstructural distribution is 
